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Abstract of JP81 03093 

PURPOSE: To obtain such a maximum torque 
that a salient pole permanent magnet motor can 
output in the state of the demagnetization of its 
permanent magnet, by sensing the 
demagnetization of its permanent magnet for 
generating its excitation magnetic flux, and by 
varying the phase of the current fed to it 
according to the sensed demagnetization. 
CONSTITUTION: A control CPU 24 generates a 
current command which is a control desired value 
relative to the current vector of a motor 18, based 
on a torque command given accompanied by an 
accel operation, a brake operation and the like, 
and further, it converts the current command into 
a switching signal, and then, it feeds the 
switching signal to an inverter 20. In this control 
CPU 24, the demagnetization of a magnet 12 is 
sensed, and according to the sensed result, the 
phase of the current command is altered. When 
the motor 18 is controlled based on the obtained 
current command, the output torque of the motor 
18 in case of the generation of the 
demagnetization of the magnet 12 becomes such 
a maximum torque that it can output in the state 
of this demagnetization, although this maximum 
torque is smaller than the value of its torque 
command. 
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ABSTRACT 



A control device for a salient pole type permanent magnet 
motor. A magnetic flux of a magnet is detected by an 
arithmetic operation or actual measurement, and a demag- 
netization rate is calculated in accordance with the thus 
detected magnetic flux. A target of controlling the phase is 
calculated with reference to a demagnetization rate obtained 
by the calculation. The phase of a motor current is controlled 
depending on the target of control obtained by the calcula- 
tion. Thus, a torque is prevented from lowering due to 
demagnetization of the magnet 

7 Claims, 6 Drawing Sheets 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A control device of a salient pole type permanent magnet motor characterized by 
comprising the following. 

A means to detect demagnetization of a permanent magnet which generates a magnetization 
bunch of a salient pole type permanent magnet motor. 

A means to change a phase of current supplied to a salient pole type permanent magnet motor 
according to demagnetization detected. 

[Claim 2]The control device comprising according to claim 1: 

A permanent magnet motor portion into which a controlled object slack salient pole type 
permanent magnet motor has a permanent magnet of a prescribed number by which 
predetermined electrical angle partition ****** was carried out at a circumference of an axis of a 
motor as a magnetizing means. 

A means to have a salient pole part of a prescribed number by which predetermined electrical 
angle partition ****** was carried out at a circumference of an axis of a motor, and to separate 
magnetically a permanent magnet motor portion, a reluctance motor portion classified along 
the above-mentioned shaft orientations, and a permanent magnet motor portion and a 
reluctance motor portion. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the device which controls the driving current of 

the permanent magnet motor (PM motor) which has a saliency. 

[0002] 

[Description of the Prior Art]The outline composition of the salient pole type PM motor is shown 
in drawing 5 . The end face of a motor is shown in this figure, and the permanent magnet 12 
and the salient pole part 14 of the prescribed number are arranged with the prescribed interval 
in the peripheral face of the rotor yoke 10 so that it may counter with the stator 16. If the torque 
current Iq flows into stator winding which is not illustrated, by this current Iq and the magnetic 
flux phi of the permanent magnet 1 2, magnet torque will occur and a rotor will rotate. If the 
exciting current Id flows into stator winding further, since the salient pole part 14 formed from a 
magnetic body exists, reluctance torque will occur. Therefore, the torque T of this kind of motor 
generally becomes a value expressed with the following formula. The 1st paragraph in a right- 
hand side parenthesis expresses magnet torque, and the 2nd paragraph expresses reluctance 
torque, respectively. 
[0003] 
[Equation 1] 
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T ■ p C <p + & L U )l<f r 
*L = Ld-L% 

U:AM4>T99>Z [H] 

Ij» law* : frJ*tft(M7«flfc; [A] 
Z : t-$r«Jil«« [A] 

When carrying out drive controlling of the motor which has such composition, a motor current 
vector (I, theta) is controlled according to the torque (torque command) demanded. Since back 
electromotive force occurs with increase of the number of rotations N and by extension, 
angular-frequency omega of motor current in the case of a PM motor, the exciting current Id is 
controlled by a low rotation region to 0 (non-salient pole machine) or a predetermined value 
(salient pole pole), and control of sending the negative exciting current Id so that back 
electromotive force may be negated is performed in a high rotation area. The torque T 
acquired by such control becomes the value to which that maximum was restricted below at 
the number of rotations in which back electromotive force begins to exceed power supply 
voltage as shown in drawing 6 , and it becomes the value to which that maximum was 
restricted at the torque T and the number of rotations N above this number of rotations. If it 
opts for a torque command according to such the characteristic, as shown in drawing 7 , this 
torque command will be changed into the amplitude I and the phase theta of motor current. 
The amplitude I and the phase theta, i.e., a current command, which were obtained by 
conversion are used for control of the power circuit which controls the current supply source to 
a motor, for example, the switching element which constitutes an inverter. 
[0004]ln the PM motor which has a saliency, reluctance torque is also generated besides 
magnet torque as mentioned above. Therefore, as shown in the Institute of Electrical 
Engineers of Japan national conference, 580, and 6-10 in Heisei 3 besides "the maximum 
torque control of a reverse salient pole type PM motor", and Hatanaka, for example, The 
maximum control of the torque of a motor can be carried out by controlling the phase theta of 
motor current so that the sum total of magnet torque and reluctance torque serves as the 
maximum. 
[0005] 

[Problem(s) to be Solved by the lnvention]However, in a permanent magnet, the phenomenon 
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of demagnetization (it is called demagnetization, demagnetization, etc.) occurs. That is, the 
magnetic flux phi decreases along with use, being dependent on temperature environment 
etc., magnet torque stops occurring gradually, and the same phenomenon arises also by rapid 
increase of temporary thermal load, or breakage of a permanent magnet. The motor torque T 
which is the sum total of magnet torque and reluctance torque decreases, and it becomes 
impossible then, to realize torque (torque command) demanded like drawing 8 . 
[0006]The phase theta from which the sum total of the control-objectives value of the phase 
theta of motor current, i.e., magnet torque, and reluctance torque serves as the maximum is 
usually set [ that demagnetization has not occurred in a permanent magnet, and ] to the 
premise. Generating of demagnetization will change the phase theta from which the sum total 
of magnet torque and reluctance torque serves as the maximum. Therefore, in the state where 
demagnetization has occurred, even if compared with the greatest torque that may be 
outputted in the state of demagnetization, only small torque is acquired. 
[0007]That this invention solves such a problem by being made as a technical problem, and 
controlling to the greatest torque that may be outputted in the state of demagnetization, even if 
it is a case where demagnetization arises to a magnet, It aims at acquiring the greatest torque 
that may be outputted in the state of demagnetization, although it is less than the torque 
demanded. 
[0008] 

[Means for Solving the Problem]ln order to attain such a purpose, a control device of this 
invention is provided with a means to detect demagnetization of a permanent magnet which 
generates a magnetization bunch of a salient pole type permanent magnet motor, and a 
means to change a phase of current supplied to a salient pole type permanent magnet motor 
according to demagnetization detected. 

[0009]A control device of this invention is provided with the following. 
A permanent magnet motor portion into which a controlled object slack salient pole type 
permanent magnet motor has a permanent magnet of a prescribed number by which 
predetermined electrical angle partition ****** was carried out at a circumference of an axis of a 
motor as a magnetizing means. 

A reluctance motor portion which has a salient pole part of a prescribed number by which 
predetermined electrical angle partition ****** was carried out, and was classified along a 
permanent magnet motor portion and the above-mentioned shaft orientations at a 
circumference of an axis of a motor. 

A means to separate magnetically a permanent magnet motor portion and a reluctance motor 
portion. 



[0010] 
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[Function]ln this invention, the demagnetization of a permanent magnet is detected first and a 
motor current phase changes according to the detected demagnetization. Therefore, even if it 
is a case where demagnetization arises to a magnet, it becomes possible to control to the 
greatest torque that the sum total of magnet torque and reluctance torque realizes the phase 
used as the maximum, and may output in the state of the demagnetization. 
[001 1]ln this invention, a magnetizing means (for example, rotator) is classified into a 
permanent magnet motor portion and a reluctance motor portion in accordance with the 
direction of a motor shaft. Into a permanent magnet motor portion, the permanent magnet of 
predetermined electrical angle partition ********** j s arranged at the circumference of the axis of 
a motor, and magnet torque occurs by this permanent magnet motor portion. Into a reluctance 
motor portion, the salient pole part of predetermined electrical angle partition ********** \ s 
arranged at the circumference of the axis of a motor, and reluctance torque occurs by this 
reluctance motor portion. A permanent magnet motor portion and a reluctance motor portion 
are classified along the shaft orientations of a motor, and both are separated magnetically. 
Therefore, since it both becomes available about magnet torque and reluctance torque under 
the same control condition and the magnetic paths and shape of a permanent magnet and a 
salient pole part do not interfere mutually, both shape can be constituted the optimal and high 
increase in power and reduction of a torque pulse can be aimed at. 
[0012] 

[Example]Hereafter, the suitable example of this invention is described based on a drawing. 
[0013]The composition of the control device concerning one example of this invention is shown 
in drawing 1 . The control device shown in this figure is a device which controls the drive motor 
18 of an electromobile. As the motor 18, the salient pole type PM motor as shown in drawing 5 
is used. The driving power of the motor 18 is supplied from the power supply 22 of a mounted 
battery etc. via the inverter 20. The electric power supplied from the power supply 22 is 
changed into exchange from a direct current in the inverter 20. 

[0014]Control CPU24 realizes the torque command supplied from a host CPU etc. in the motor 
18 by controlling the power conversion operation in the inverter 20. Namely, based on the 
torque command given in connection with accelerator operation, brakes operation, etc., control 
CPU24 generates the control-objectives value slack current command about the current 
phasor of the motor 18, changes this current command into a switching signal further, and 
supplies it to the inverter 20. In the inverter 20, power conversion operation is performed 
according to the switching signal supplied, and a torque command is realized in the motor 18. 
In the case of this operation, control CPU24 asks for the number of rotations N from the 
position which detected and detected the position of the rotor of the motor 18, and refer to this 
for it. Control CPU24 detects motor current and voltage by the sensor 26 further. 
[0015]The demagnetization of the magnet 12 is detected in control CPU24, and there is that 
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this example considers it as the feature in change being added to the phase of a current 
command according to a detection result. The flow of the current command phase correction 
operation by demagnetization is shown in drawing 2 . 

[0016]Generally the voltage equation of a salient pole type PM motor is, [Equation 2] 

V$: frf*e/E [v] 

cu = ZnpN/60 [rad/s] 

It can express. If this formula is transformed and it solves about the magnetic flux phi,[Equation 
3] 

*-(Vf-RI f - Lfzfi-Ldtd)/w 

It becomes. Control CPU24 searches for the magnetic flux phi by calculating the right-hand 

side of this formula (100). R, Lq, Ld, and p are constants among the quantity which appears in 

the right-hand side of this formula, and Vq, lq, and Id can be surveyed by the sensor 26. deltaT 

is sampling periods, such as lq, and can be defined in design, and since lq in deltaT of deltalq 

is strange or it is quantity, it is calculated by an operation. Sensors, such as a Hall device and 

a magnetic resistance element, may detect the magnetic flux phi. Magnetic flux phiref after 

doing in this way and searching for the present magnetic flux phi, before demagnetizing is 

used for control CPU24, and it is the next operation. [Equation 4] 
K0 = $/<t>ref 

****** jt asks for demagnetizing-factor Kphi by things (102). 

[0017]When the magnet 12 has demagnetized thoroughly here, the torque T turns into only 
reluctance torque. Id Since it is —Isintheta and lq =lcostheta, it is the torque T at this time. 
[Equation 5] 

• T , JLlkJl sin2 <? 

It can express. It is that reluctance torque serves as the maximum at the time of theta= 45 
[deg] so that clearly from this formula. On the other hand, magnet torque serves as the 
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maximum, when the whole [deg] of theta= 0, i.e., motor current, is the torque current Iq. From 
these things, total torque T of magnet torque when amplitude I of motor current is set constant, 
and reluctance torque, and the relation with the phase theta can be expressed like drawing 3 . 
[0018]The straight line A which appears in drawing 3 shows change of the phase theta from 
which the torque T becomes the maximum, especially the change accompanying 
demagnetization. Therefore, the phase theta from which the torque T becomes the maximum 
in the present magnetic flux phi can be known by performing the proportional division operation 
on this straight line based on the present magnetic flux phi calculated previously (1 04). The 
formula of a proportional division operation, [Equation 6] 

0=45 -(45 -Bref) K <p 

It can express. Thus, after theta is obtained, the old amplitude I is used for control CPU24. 

[Equation 7] 
Uref *■ - I sin 9 

Ifref = I cos 9 

The exciting current command Idref and torque current command Iqref are calculated by 
performing ****** (106). Thus, if control of the motor 10 is performed as mentioned above 
based on the obtained current commands Idref and Iqref, although a torque command is not 
filled with output torque T of the motor 10 at the time of demagnetization having arisen, it will 
become the greatest torque that may be outputted in the state of demagnetization. It is 
because it needs to send the negative exciting current Id that the negative sign is given to the 
right-hand side of the formula which calculates Idref in the upper formula in order to offset back 
electromotive force. 

[0019]This invention is applicable also to the hybrid type motor (refer to Japanese Patent 
Application No. No. 195757 [ five to ]) shown in drawing 4 . The motor shown in this figure has 
the composition in which that rotor 28 was classified into the permanent magnet motor portion 
30 and the reluctance motor portion 32 in accordance with axis 200 direction. That is, the rotor 
28 has the composition which formed the permanent magnet motor portion 30 which 
comprises the magnetic body 36 and the magnet 38, and the reluctance motor portion 32 
which comprises the magnetic body 40 on the cylinder of the nonmagnetic material 34 while 
the gap 52 separated magnetically. The magnetic body 40 forms the salient pole part. It 
corresponds to this and the stator 44 around which the coil 48 is wound is also magnetically 
separated into the permanent magnet motor portion 30 and reluctance motor portion 32 side 
by the nonmagnetic material 50. The rotor 28 and the stator 44 have countered via the gap 46. 
It is also possible to provide a magnetic resistance member in the salient pole part of the 
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magnetic body 40, and to increase reluctance torque. 

[0020]Since magnet torque and reluctance torque can be used under the same control 
condition, big output torque can be obtained [ in / both / such a motor ] compared with the 
usual PM motor. Since the magnet 38 and a salient pole part do not interfere mutually in 
respect of a magnetic-path top or shape, the flexibility of a design improves. Thereby, both 
shape can be constituted the optimal and high increase in power and reduction of a torque 
pulse can be aimed at. 

[0021]ln the above explanation, the operation had detected the magnetic flux phi. However, it 
may be made to carry out direct detection of the magnetic flux phi by Hall device, a magnetic 
resistance element, etc. Each above-mentioned operation may be performed as reference of a 
map. For example, the map of the torque command current amplitude and the phase shown in 
drawing 6 may be rewritten according to the detected magnetic flux phi, and it may amend by 
the contents from which maximum torque is obtained. When there is room to increase the 
amplitude I, the amplitude I may be amended simultaneously with amendment of the phase 
theta. [0022] 

[Effect of the lnvention]Having controlled the motor current phase according to the 
demagnetization which detected and detected the demagnetization of the permanent magnet 
according to this invention, as explained above A sake, Even if it is a case where 
demagnetization arises to a magnet, the sum total of magnet torque and reluctance torque can 
realize the phase used as the maximum, and can control to the greatest torque that may be 
outputted in the state of demagnetization. Although this is less than the torque demanded, the 
greatest torque that may be outputted in the state of demagnetization can be acquired. Since 
desired output torque can be secured controlling increase of the current amplitude I to the 
minimum even if it demagnetizes when it does in this way, power consumption can be 
reduced. 

[0023]Classifying a magnetizing means into a permanent magnet motor portion and a 
reluctance motor portion in accordance with the direction of a motor shaft, and having made it 
dissociate magnetically according to this invention A sake, It both becomes available about 
magnet torque and reluctance torque under the same control condition, for example, big output 
torque can be obtained compared with the usual permanent magnet motor. Since the magnetic 
paths and shape of a permanent magnet and a salient pole part do not interfere mutually, as a 
result of the flexibility of a design improving, both shape can be constituted the optimal and 
high increase in power and reduction of a torque pulse can be aimed at. 



[Translation done.] 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 6/26/2008 



JP,08-103093,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a block diagram showing the composition of the control device concerning one 
example of this invention. 

[Drawing 21 lt is a flow chart which shows the flow of operation of control CPU in this example. 
[Drawing 3] lt is a figure showing the relation between maximum torque and a phase. 
[Drawing 4] lt is a sectional side elevation showing other motor structures which can apply this 
invention. 

[Drawing 5] lt is an end elevation showing the composition of a salient pole type permanent 
magnet motor. 

[Drawing 6] lt is a figure showing the torque characteristic of a motor. 
[Drawing 7] lt is a figure showing the deciding method of a current command. 
[Drawing 8] lt is a figure showing the conventional problem. 
[Description of Notations] 

12 A magnet and 14 [ Magnetic flux, theta phase. ] A salient pole part and 18 A motor and 24 
Control CPU and phi 
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[Drawing 2] 
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